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INTERFERENCE SUPPRESSOR FOR SUPPRESSING HIGH-FREQUENCY 
INTERFERENCE EMISSIONS FROM A DIRECT CURRENT MOTOR THAT IS 
DRIVABLE IN A PLURALITY OF STAGES AND/OR DIRECTIONS 

Prior Art 

The invention relates to an interference suppressor for suppressing high- 
frequency Interference emissions from a direct current motor that is drivable in a 
plurality of stages and/or directions, as generically defined by the independent 
claim. 

For commutation (current inversion) of direct current motors, both electrical 
provisions, such as using a power end stage constructed with transistors, and 
mechanical provisions are known. Among the mechanical provisions is the use of 
a commutator in conjunction with conductive bnjsh elements, and the commutator 
has individual commutator laminations. Typically, it is provided that relative to the 
commutator rotating about a pivot axis, the brush elements are stationary, in such 
a way that during the rotation of the commutator, the brush elements sweep over 
the various commutator laminations in sequential order. As a result of the contact 
of the brush element with a commutator lamination, an electrical conductive 
connection is created, through which the operating current of the direct current 
motor flows. At the transition of a brush element from one commutator lamination 
to the next, gas discharges occur, which engender very steep current spikes. 
These current spikes lead in tum to high-frequency interference emissions, which 
manifest themselves both in electrical pulses along the current-carrying elements 
of the direct cun-ent motor and in electromagnetic radiation (interfering radiation). 

From Gernian Patent Disclosure DE 101 29 884 A1, it is known to use a 
printed circuit board, which as a shield reduces the interference emissions emitted 



by the direct current motor. It is also known In the prior art, for further suppressing 
the high-frequency interference emissions, to use ceramic capacitors located on 
the printed circuit board. 

5 Advantages of the Invention 

The Interference suppressor for suppressing high-frequency interference 
emissions of a direct current motor that is drivable in a plurality of stages and/or 
directions, having a plurality of capacitors located on a first side of a printed circuit 

10 board and having a plurality of first conductor tracks, located on the first side of 
the printed circuit board, for putting the various capacitors into contact with a 
ground terminal and having a first terminal and at least one further temiinal for the 
individual stages of the direct current motor, the first terminal and the at least one 
further temiinal being put into contact with a first connection line for the first stage 

1 5 and at least one further connection line for the at least one further stage of the 
direct current motor, offers a considerable improvement in efficiency in 
interference suppression technology by means of an optimized-impedance ground 
connection and a direct motor tenminal contact, if a ground face is located on a 
further side, diametrically opposite the first side, of the printed circuit board, and 

20 the first connection line and the at least one further connection line are fed 
through In Insulated fashion relative to the ground face. In this way, a very 
compact, economical structural form of the interference suppressor can be 
implemented. Moreover, inten-upting the connection lines to the direct current 
motor, which could in turn lead to increased interference emissions at the 

25 interruption point, is unnecessary. 

In an alternative embodiment, it is provided that at least one varistor and/or at 
least one Cx capacitor is located on the first side of the printed circuit board and 
connected to the first temiinal and the at least one further terminal via further 
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conductor tracks. This makes an efficient, economical combination of commutator 
interference suppression and shutoff voltage pulse limitation possible In one 
interference suppression element. 

5 It is especially advantageous if the conductor tracks are located on the first 
side of the printed circuit board symmetrically about an axis of the printed circuit 
board, so that the greatest possible damping of the Interference emissions can be 
attained. 

10 It is also provided that the ground face located on the further side of the 
printed circuit board is electrically connected to the ground tenninals of the 
capacitors on the first side of the printed circuit board via respective through- 
plated holes. Advantageously, the through-plated holes are embodied as so-called 
via-holes, which make an extremely low-impedance connection with the ground 

15 face possible, and the ground face is in turn connected electrically conductively to 
a shielding housing that surrounds the Interference suppressor. By the 
embodiment of the capacitors as SMD (surface mounted device) ceramic 
capacitors, a very compact and economical structure of the interference 
suppressor can be attained. In this respect, it Is likewise advantageous if the first 

20 connection line and the at least one further connection line are fed through the 
shielding housing. 

In a further embodiment it is provided that the shielding housing is connected 
electrically conductively to a motor housing of the direct cun-ent motor, such as the 
25 pole pot. The connection between the motor housing and the shielding housing of 
the Interference suppressor should advantageously be embodied by way of a 
plurality of contact points, In order to assure an extremely low-Impedance ground 
connection and hence the greatest possible suppression of the interference 
emissions. 
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At defined points, the conductor tracks preferably have tapered portions, 
which protect the interference suppressor and the direct current motor against a 
possible risk of short circuiting of the kind that be due to a crack in the ceramic, for 
5 instance. 

To save costs. It Is altematlvely possible to contact the capacitors and/or the 
at least one varlstor and/or the at least one Cx capacitor via connection wires that 
are extended radially or axially to the outside. 

10 

Further advantages of the invention will become apparent from the 
characteristics recited In the dependent claims and from the drawings and the 
ensuing description. 

15 Drawings 

The invention will be described as an example below In conjunction with Figs. 
1 through 4, In which identical reference numerals In the drawings indicate the 
same components with the same mode of operation. 

20 

Fig. 1 shows an exemplary embodiment of a first side of a printed circuit board 
of the interference suppressor of the invention; 

Fig. 2 shows an exemplary embodiment of a further side of a printed circuit 
25 board of the Interference suppressor of the Invention; 

Fig. 3 shows an exemplary embodiment of an electrical connection between 
the Interference suppressor of the invention and a direct current motor; and 
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Fig. 4 is a blocl< circuit diagram of tlie Interference suppressor of tlie invention. 
Description 

5 In Fig. 1 , an exemplary embodiment of a first side 12 of a printed circuit board 
14 of the Interference suppressor 10 of the invention is shown; the first side 12 
defines the front or top side of the printed circuit board 14. A plurality of capacitors 
16 (eight of them in the exemplary embodiment shown) are located on the printed 
circuit board 14 and are each put into contact via respective first conductor tracl<s 

10 18 with a ground terminal 20 and a first terminal 22 and at least one further 

temiinal 24 for the individual stages of a direct current motor 26, shown in Figs. 3 
and 4. SMD (surface mounted device) ceramic capacitors 28, which because of 
their low structural height make a very compact structure of the interference 
suppressor 10 possible, are for instance used as the capacitors 16. Conversely, if 

1 5 reducing expenses is primary, then at least some of the capacitors 1 6 can be 
contacted via radial or axial connection wires extended to the outside. Depending 
on the filter requirements, the capacitors 16 have capacitances of between 10 nF 
and 900 nF. 

20 The ground tennlnals 20 of the capacitors 16 are connected by means of 
through-plated holes 30 to a ground face 34, shown in Fig. 2 and located on a 
further side 32 of the printed circuit board 14; the further side 32 describes the 
back or underside of the printed circuit board 14. The ground face 34 can be 
embodied over the full surface; that is, it can cover the entire further side 32 of the 

25 printed circuit board 14. However, it is also conceivable for the ground face 34 to 
cover only part of the further side 32, if structural provisions for instance require 
that. In any case, the ground face 34 should be designed such that it includes all 
the through-plated holes 30. 
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The through-plated holes 30 are preferably embodied as so-called vla-holes 
36. These are electrically conductive sleeves which in turn are filled with a highly 
conductive metal, such as copper, gold, or the like, in order to guarantee a very 
low-impedance and thus interference-free connection between the ground 
5 terminals 20 of the capacitors 1 6 and the ground face 34. 

According to the invention, it is provided as shown in Fig. 1 that one varistor 
38 each on the first side 12 of the printed circuit board 14 Is connected via further 
conductor tracks 42 to the first terminal 22 and the at least one further terminal 24, 

1 0 respectively. A contact of both varistors 38 also exists with the common ground 
terminal 20. Altematively, however, it is possible for each varistor 38 to have its 
own ground tenminal 20. A Cx capacitor 40 is also shown, which is connected via 
the conductor tracks 42 to the first terminal 22 and to the at least one further 
terminal 24. Instead of only one Cx capacitor 40, a plurality of Cx capacitors 40 

15 connected in series or in parallel may also be employed. This depends in 

particular on the power requirements made of the interference suppressor 10 and 
of the electrical motor 26. It is equally possible for a plurality of varistors 38 to be 
used for the first tenninal 22 and for the at least one further terminal 24, 
respectively. The additional use of varistors 38 and Cx capacitors 40 makes a 

20 highly optimized-impedance connection of the interference suppressor 1 0 

possible, with the varistors 38 serving to meet so-called load dump requirements 
or as shutoff voltage pulse limitation and the Cx capacitors 40 serving to meet 
long-, medium- or short-wave interference suppression requirements. 
Advantageously, the conductor tracks 18 and 42 and the ground face 34 and the 

25 ground temiinals 20 are all embodied as copper layers. Altematively, however, 
other electrically conductive materials may be used Instead. It should also be 
noted that the term Cx capacitor describes a capacitor which is connected 
between the first terminal 22 and the at least one further temninal 24 and 
accordingly has no direct connection with the ground terminals 20. Like the 
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capacitors 16. the at least one varistor 38 and/or the at least one Cx capacitor 40 
may be embodied by SMD technology. As an altemative, contacting via radial or 
axial connection wires extended to the outside can also be considered. The 
capacitances of the at least one Cx capacitor 40, like those of the capacitors 1 6, 
5 can be in a range from 1 0 nF to 900 nF. 

To protect the interference suppressor 10 against a possible short circuit, the 
conductor tracks 18 and 42. at defined points 44, have tapered portions 46. which 
bum through in the event of a short circuit and thus prevent the danger of fire 
10 caused by overheating. The tapered portions 46 may be implemented for instance 
by the fail-safe technology developed by the company known as Spectrum Control 
Inc. 

For better suppression of the Interference emissions, the conductor tracks 18 
1 5 and 42 are located symmetrically about an axis 47 of the printed circuit board 1 4. 
It is not absolutely necessary for the axis 47 to pass - as shown in the exemplary 
embodiment - through the center point of the printed circuit board 14. Instead, the 
axis may also be a secant, or in the case where the printed circuit board 14 is 
other than round, the axis can be a straight line that intersects the printed circuit 
20 board 14 arbitrarily. 

In Fig. 3, an exemplary embodiment of an electrical connection between the 
interference suppressor 10 of the invention and the direct current motor 26 is 
shown. The first side 12 of the printed circuit board 14 of Fig. 1 equipped with the 
25 capacitors 1 6, the varistors 38 and the Cx capacitor 40 can be seen. The first 
terminal 22 on the first side 12 of the printed circuit board 14 is put in contact with 
a first connection line 48 for a first stage of the direct cunrent motor 24, and the 
connection line 48 as in Fig. 2 is fed through on the first side 32 of the printed 
circuit board 14 in insulated fashion relative to the ground face 34. Corresponding 
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contacting exists between a further connection line 50 for a second stage of the 
direct cunrent motor 24 and the further tenninal 24. In this way, a continuous 
connection from a first supply potential V^, and a second supply potential V^^ to the 
direct current motor 26 is possible. 

5 

The ground face 34 on the further side 32 of the printed circuit board 14 is 
connected electrically conductively via a contact point 52 - for instance through a 
soldered connection - to a housing 54 that shields the interference suppressor 10. 
The shielding housing 54 can either be made entirely of metal or it can be made of 

10 a metal-sputtered plastic and is connected to a motor housing 58 of the direct 
current motor 26 via a plurality of contact points 56. In this respect, between eight 
and ten spring contacts 60 have proved to be a suitable a ground connection, and 
depending on the available space, It Is entirely possible for fewer contact points 56 
or more of them to be considered. Finally, via a ground line 62, there is also a 

15 direct connection between a reference potential V, the shielding housing 54, and 
the direct current motor 26. Alternatively, a connection of the ground line 62 with 
the shielding housing 54 can be dispensed with. 

In Fig. 4, a block circuit diagram of the interference suppressor 10 of the 
20 invention is shown. The various parallel circuits of the capacitors 1 6 for the first 
and second stages of the direct current motor 26 (in the exemplary embodiment 
shown in Figs. 1 and 3, four capacitors 16 per stage of the direct current motor 26) 
between the first terminal 22 and the further terminal 24 and the ground terminals 
20. Via the first conductor tracks 18. the respective terminals 22 and 24, and the 
25 respective connection lines 48 and 50, each parallel circuit is connected not only 
to the first reference potential V^,, for the first stage of the direct current motor 26 
and to the second supply potential V^^ for the second stage of the direct cunrent 
motor 26, but also to the corresponding terminals of the direct current motor 26. 
Via the further conductor tracks 42, one varistor 38 is also connected between the 



-8- 



first terminal 22 and the further temiinal 24, respectively, and the ground temiinals 
20, while the Cx capacitor 40 provides for interference suppression between the 
first terminal 22 and the further terminal 24. Finally, via the ground line 62, there is 
an electrical connection between the direct current motor 26, the ground terminals 
5 20, and the reference potential V . The shielding housing 54 is furthemiore 

connected to the ground line 62 via the contact point 52. Finally, the failsafe short- 
circuit guard as described above is symbolized by reference numeral 64, and 
individual conductor tracks 18 and 42 may also be excluded from a short-circuit 
guard. 

10 

In conclusion, it should also be pointed out that the exemplary embodiment 
shown is not limited either to Figs. 1 through 4 nor to the structure as shown of the 
conductor tracks 18 and 42 and of the gnDund temninals 20, nor to the 
capacitances stated for the capacitors 16 and the at least one Cx capacitor 40. 

1 5 The round shape of the printed circuit board as shown must not be understood to 
be a limitation, either. On the contrary, other shapes of printed circuit board (oval, 
polygonal, and so forth) may also be employed, in accordance with the given 
structural conditions and space available. The invention can also be employed in 
direct cun-ent motors with a plurality of directions; then the ground line 62 is either 

20 not connected, or is connected by means of a switching means not shown, to the 
particular connection line 48 or 50 of the direct current motor 26 that is at 
reference potential V . 
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